Philadelphia chromosome positive acute lymphoblastic leukemia is classified as a very high-risk group and it requires an intensive chemotherapy regimen associated with tyrosine-kinase inhibitors and allogeneic hematopoietic stem cell transplant from related or unrelated HLA matched donor. Most times, intensive chemotherapy regimens are associated with prolonged and profound pancytopenia when the risk of invasive fungal infection increases. After Candida and Aspergillus species, Mucormycosis is the third frequent fungal infection in hematology patients and it is associated with a reduced overall survival. When suspected, immediate treatment is needed. We present the case of 24-year-old patient diagnosed with Philadelphia chromosome positive acute lymphoblastic leukemia who developed right rhino-sino-orbital fungal infection with a favorable response to systemic antifungal treatment and noninvasive surgery. Later, patient refused consolidation and allogeneic hematopoietic stem cell transplant from an unrelated HLA matched donor but accepted the first generation tyrosine kinase inhibitor (Imatinib) and maintained a complete hematological and molecular response.
Introduction
Acute lymphoblastic leukemia (ALL) represents an uncontrolled proliferation of immature lymphoid cells, which leads to an accumulation of those cells into the bone marrow, blood and other organs. It represents the most frequent form of acute leukemia in pediatric population. Opposite to paediatric population where complete remission is achieved in 75% of cases, in adult population the results are modest [1, 2] .
Mucormycosis is a fungal infection from Mucorales species (Mucor, Rhizomucor and Cunninghamella). The most frequent site of infection is the sinus and associates with brain extension. When Mucormycosis is suspected, urgent treatment should be started and it consists of surgical, antifungal treatment and correction of risk factors (neutropenia, diabetes mellitus, malnutrition) [3, 4] .
Case presentation
The writing informed consent to use the patient's story was obtained prior to publishing the report.
We report the case of a 24-year-old patient who presented an upper airway infection in December 2013. The patient was treated with oral antibiotics that did not resolve symptoms. In January 2014, the patient was admitted in a local hospital due to muscle and bone pains. The blood count showed pancytopenia. Hep B and C screening was negative. Rheumatology screening was negative.
The patient was transferred in our department for further investigations. On admission: good performance status, no fever, mild pallor, no active bleeding, no lymphadenopathies, no hepatomegaly, spleen at 2 cm under costal rebord.
The blood count showed: Hb=12.6 g/ dl, Ht=36.8%, MCV=79 fL, Wbc=3910/ mm 3 Plt=10000/ mm 3 Qualitative and quantitative molecular tests showed BCR-ABL1 positivity for p190 transcript.
In February 2014, induction according to GMALL protocol was started and followed by febrile pancytopenia that required large spectrum antibiotics and antimycotic (Fluconazole).
The bone marrow exam performed on day 14 of induction showed hypercellular marrow due to 75-80% blast infiltration. It was considered a treatment failure and the patient received salvage treatment according to GRAAL 2003 protocol and first generation tyrosine-kinase inhibitor (Imatinib), followed by prolonged febrile pancytopenia and grade 4 mucositis for which multiple broad-spectrum antibiotics and antimycotics (Voriconazole) were used.
On day 14 of salvage regimen, the patient presented abrupt onset of right side headache followed by chemosis, photophobia and right ptosis.
Bacterial screening including pharyngeal swab and palatine swab showed Zygomycetes filamentous fungi.
Cerebral MRI showed pan sinusitis, inflammation of eye's structures and excluded cavernous sinus thrombosis.
A A B
Right rhino-sinus-orbital Mucormycosis was suspected and liposomal B Amphotericin was started. ENT consult suggested radical surgery but due to the patient's refusal, right medial maxillectomy with complete resection of right inferior and medium nasal cornet and right anterior-posterior ethmoidectomy with mucocel derange from right retrobulbar recess were performed.
Mycological exam of secretion taken during the procedure confirmed Mucormycosis invasive fungal infection. Although complete remission with salvage treatment was achieved, the patient refused consolidation treatment and allogeneic hematopoietic stem cell transplant from unrelated HLA matched donor and accepted Imatinib and Posaconasole treatment.
12 months after the Mucormycosis episode, the patient maintained complete hematologic and major molecular remission without any signs of Mucormycosis infection.
Discussions
The 5-year survival rate of adult population with ALL is 39%. 25% of this population presents positivity for Philadelphia chromosome and for those patients, the prognosis is reserved. Most patients receive intensive chemotherapy and tyrosine kinase inhibitors (TKI). Imatinib, first generation TKI, improved complete remission rate and increased the number of patients receiving hematopoietic stem cell transplants ( Table 1) . TKI treatment without chemotherapy or allogeneic hematopoietic stem cell transplants in small studies could be the hypothesis for reduced toxicity treatment but the long-term results are missing.
Vignetti and al. published data obtained in patients who received Imatinib and steroids. The median overall survival was 20 months and median haematological response was 8 months [3] .
In published literature, the longest overall survival was obtained in a child who received only Imatinib due to high toxicities during induction and it was 30 months [4] . Mucormycosis is a rare fungal infection and incidence is high in patients with prolonged and profound neutropenia. After Candida and Aspergillus species, Mucormycosis is the most frequent invasive fungal infection (IFI). In case of suspicion, urgent antifungal and surgical debridement treatment are required. The mortality rate of untreated Mucormycosis infection is of 70-100%.
Pagano and al. published a study in which the most affected organs were: lungs (47%), eye and face sinuses (25%), cerebral (19%) and extremely rare, small bowel (necrosis enterocolitis). The most common haematological diseases complicated with IFI are acute myeloid leukemia and acute lymphoblastic leukemia (Table 2) [5] . The IFI treatment in hematological patients requires systemic antifungal treatment (Amphotericin B) and surgical removal of necrotic tissues. It has been proved that immediate surgical debridement of necrotic tissues increases the rate of cure but sometimes, this maneuver is difficult in thrombocytopenic patients. For those patients, multidisciplinary strategy is most beneficial (hematology, infectious and surgical) [6] .
The case report represents a double challenge: first, to induce the complete remission of progressive ALL and second, to treat Mucormycosis in a pancytopenia patient. The patient maintained complete remission after salvage treatment only with Imatinib and without allogeneic hematopoietic stem cell transplant. For Mucormycosis, the palliative surgical debridement and antifungal treatment (Amphotericin B followed by Posaconazole) were successful in curing IFI without physical mutilation and intact affected organ functions with good quality of life.
Conclusions
In this case report, we presented a young patient who was treated unconventionally for Philadelphia positive ALL and Mucormycosis. Due to rapid Amphotericin B treatment and minimum surgical debridement of affected areas, the patient achieved an overall and disease free survival of 12 months with good quality of life. At the time of publication, the patient maintained complete hematological and molecular remission with first generation TKI (Imatinib).
